with an improvement in height observed in some cases. The first step of the nutrition intervention was a nutritional evaluation that included an assessment of food intake. In adults, the Harris-Benedict equation is used to estimate energy requirements [6] . However, it has been reported that in children, there is no correlation between energy expenditure (EE) obtained by indirect calorimetry and the Harris-Benedict values; therefore, Harris-Benedict values cannot be clinically used for children [7, 8] .
The Dietary Reference Intakes for Japanese [9] (Dietary Reference Intakes) is commonly used to estimate energy requirements of Japanese children. These estimated energy requirements (EERs) are obtained by multiplying the basal metabolic rate (BMR) by the physical activity level and adding to it energy accumulated through growth. However, it is not clear what food intake standards should be used for people with abnormal physical size (e.g., short stature, obesity, etc.) and sick children, and actual measurement of EE is necessary to determine EE of children [10] .
In the US, Han et al. reported on EE in children
The short-stature group consisted of 30 children (19 males, 11 females; age 6.1 y ± 1.7) who sought medical attention at departments of gastrointestinal and endocrinology and were without underlying diseases, had normal results for the growth hormone secretion test within the previous two years, were prepubertal, had normal development and had a height -2 standard deviations (SD) or lower than normal for age. Children whose mid-parental height (MPH) [12] predicted from their parents' heights were -2 SD or lower were not eligible for the study. The control group was comprised of 13 normally developed, age-and obesity ratematched children (6 males, 7 females; age 6.3 y ± 2.2) who volunteered to participate in the study and whose SDs for height were within ±1 SD. Each group was further divided into male and female subgroups.
Evaluation of physical size
Height, weight and arm circumference were measured to calculate the SD for height, obesity rate ([measured weight -standard weight]/standard weight × 100) and body surface area in both the short-stature group and control group. To calculate height SD and obesity rate, data from the National Growth Survey on Preschool Children (2000) conducted by the Ministry of Health, Labour and Welfare and data from the School Health Survey (2000) conducted by the Ministry of Education, Culture, Sports, Science and Technology were used and body surface area was calculated using with constitutional delay of growth and malnutrition (CDGM) [11] . To the authors' knowledge, however, there has been no study of resting energy expenditure (REE) in Japanese children of short stature with no underlying disease (hereinafter referred to as short-stature children). Therefore, the BMR (≒REE), a component of energy requirements in short-stature children, was measured by indirect calorimetry and comparisons were made with age-matched children with normal stature. Furthermore, we compared actual REE not only with the calculated BMR that was calculated using the Dietary Reference Intakes in subjects within each group matched for age but for subjects within each group matched by height.
<Definitions in the Dietary Reference Intakes for Japanese> • BMR (basal metabolic rate )= basal metabolic standard × weight : calculated value • EER (estimated energy requirement) = BMR × physical activity level + energy accumulated through growth • REE (resting energy expenditure): actually measured value is nearly equal to BMR
Methods

Subjects
Physical characteristics of the subjects are shown in Table 1 . 
results
The subjects' physical characteristics are shown in Table 1 . Weight, body surface area, and arm circumference as well as height were significantly lower in the short-stature group than in the control group (p= 0.0002, p= 0.0004, p= 0.0001). It was also the case with gender subgroups.
REE for the control group was 961 ± 152 kcal/day, which was significantly higher than that for the shortstature group (867 ± 121 kcal/day [p=0.035]), but there was no significant difference in REE between the gender subgroups. There was neither a significant difference in RQ between the control group (0.89 ± 0.04) and the short-stature group (0.88 ± 0.05) (p=0.258) nor between the gender subgroups (Table 3) .
REE adjusted for body size was significantly higher for the short-stature group than that for the control DuBois's formula [13] .
Measurement of resting energy expenditure (REE)
Using canopy indirect calorimetry (Deltatrac 90. 11. 26-036-2, Datex), fasting (no food for 3 hours or more) REE and RQ with the child in the supine position were measured. To maintain the arousal and resting state while in the supine position, the children in both groups watched animation DVDs during measurements.
Compared items
REE measurements and RQs were compared between the two groups. To adjust for body size, REE per weight (REE/kg) and REE per body surface area (REE/m 2 ) were calculated and compared between the groups. Comparisons were made in each group between REE measurements and calculated BMRs that were acquired using BMR standards matched by age (Table 2 ) [14] . Additionally, in the short-stature group, such comparison was also made with calculated BMRs that were obtained using the BMR standards in children matched for height.
Statistical test
The t-test was used for comparison between the two groups, while the paired t-test was used for comparison between REE and BMR within in each group.
Ethical considerations
This study was conducted with the approval of the Osaka Medical Center and Research Institute for Maternal and Child Health and the research ethics committee of the School of Comprehensive Rehabilitation, Osaka Prefecture University, and with the written con- This table extracted from reference NO. 14. ference between the actual REE and age-matched calculated BMR in the control group (p=0.467), the actual REE was higher than the age-matched calculated BMR in the short-stature group (867±121 vs. 726±53 kcal/ day, p<0.001). Also in gender subgroups, the actual REE was significantly higher than the age-matched calculated BMR: 889±132 vs. 738±58 kcal/day for males, p<0.001; 827±91 vs. 705±38 kcal/day for females, p=0.005). In the short-stature group, the actual REE was significantly higher than height-matched calculated BMR on the whole as well as in the male subgroup (814±115 kcal/day for the whole, p<0.001; 815±132 kcal/day for group; REE/kg was 58.8 ± 8.4 kcal/kg for the shortstature group and 48.3 ± 7.3 kcal/kg for the control group (p<0.001). It was also the case with comparisons between the gender subgroups (p=0.04 for the male subgroup, p=0.019 for the female subgroup) ( Table 4) . Although REE/m 2 was not different between the gender subgroups, it was significantly higher in the shortstature group than in the control group: 1350.5 ± 157.6 kcal/m 2 for former group and 1209.9 ± 103.9 kcal/m 2 for the latter group (p=0.0003, p=0.0053) ( Generally in Japanese people, basal metabolic standards adjusted for weight for each gender and age category are used to estimate energy requirements, and BMR is obtained by multiplying the basal metabolic standard by weight [9] . It was suggested that underestimation might occur if the basal metabolic standards of the Dietary Reference Intakes matched by age were used as they were to calculate the BMR for short-stature children.
With the Dietary Reference Intakes, total energy expenditure (TEE) is also calculated by multiplying the BMR by the physical activity level [9] . The physical activity level needs to be determined in consideration of heat generated by dietary intake and the daily activity energy, which vary greatly among individuals. Han et al. reported a very high TEE in CDGM as assessed using doubly labeled water but it is doubtful that such a high TEE occurs commonly in all CDGM. These investigators associated this high TEE with a possible genetic mutation [11] . In line with the report by Han et al., our short-stature children had an actual REE that tended to be closer to the calculated BMR acquired by matching their height to ages younger than actual ages. This may be simply because their metabolic state is equivalent to that of children younger than the actual ages of the short-stature group.
Furthermore, in children, the EER is the total of EE and energy accumulated with growth, that is, an increase in tissue [9] . In other words, healthy growth of children cannot be expected if they do not secure an energy intake that covers their EE plus energy accumulated with growth. Our results showed that the body-size-adjusted REE of short-stature children with no underlying diseases was higher than that of standard-stature children and that the absolute REE measurements were higher than BMR calculated from the Dietary Reference Intakes. It is possible that the EER, as well as BMR, of short-stature children is also higher and that such children do not ingest a sufficient amount of food to meet these needs.
There was little difference in the RQ between the short-stature group (0.88) and the control group (0.89). The RQ is the ratio of the volume of CO 2 produced by the oxidization of nutrients in the body to O 2 consumed and is normally between 1 and 0.8, and varies according to diet and physical activity level [17] . Because the RQ level was similar between the two groups, it was suggested that the short-stature children did not suffer males, p<0.001), although there was no such significant difference in the female subgroup.
discussion
Measuring the BMR of children is not easy since it is difficult to keep them rested and aroused at the same time for a certain period of time or to maintain their fast for many hours [15] . In this study, to avoid the effects of heat production by dietary intake, fasting (created by 2 conditions: no breakfast and no food for 3 hours) REE and RQ with the child in the supine position were measured and compared among 7 children (4 males, 3 females, age 6.4 ± 2.4, obesity rate -2.1 ± 4.4%) who were randomly extracted from the control group. There was no significant difference in the REE between the two fasting conditions (1053 ± 161 kcal for no breakfast and 1049 ± 151 kcal for no food in the previous 3 hours, p=0.83) and in the resting RQ between the two fasting conditions (0.88 ± 0.07 for no breakfast and 0.92 ± 0.10 for no food in the previous 3 hours, p=0.10). Therefore, the measurements taken 3 hours after the last meal were used as REEs.
In this study, REE measurements were significantly higher for the control group than for the short-stature group, possibly because weight and body surface area were higher in the control group. However, in many studies, BMR is adjusted for weight (BMR/kg) according to gender and age category [9] . In this study, REE/kg, which was the REE adjusted for weight, was significantly higher for the short-stature group than for the control group. REE/m 2 , which was the REE adjusted for body surface area, was also significantly higher for the short-stature group as a whole whereas there were no significant differences between the gender subgroups.
There was no difference in the obesity rate between the two groups and the arm circumference was lower in the short-stature group; therefore, muscle mass was not particularly higher for the short-stature group [16] .
For the control group, the actual REE was almost identical to the calculated BMR. However, in the short-stature group, the actual REE was significantly higher than the age-matched calculated BMR and also than the height-matched calculated BMR, although by a narrower margin as compared to age-matched calculated BMR. These results were in accordance with the report by Han et al. on EE in CDGM [11] . It was therefore suggested that energy metabolism in the short-stat-ground into consideration.
conclusion
The REE, which was nearly equivalent to BMR, and the RQ of short-stature children were measured by indirect calorimetry and compared with corresponding values obtained in standard-stature children. Bodysize-adjusted REE was also compared between the two groups. Furthermore, REE measurements were compared with BMRs calculated from the Dietary Reference Intakes. The body-size-adjusted REE measurements in short-stature children were significantly higher than those in standard-stature children. While the REE measurements were almost the same as the BMR calculated from the Dietary Reference Intakes in standard-stature children, those of short-stature children were significantly higher than calculated BMRs from the BMR standards matched by age. It was thus suggested that underestimation might occur if the Dietary Reference Intakes were used to calculate BMRs in short-stature children. Further studies are needed regarding high REE in short-stature children.
from chronic malnutrition by which fat is rapidly burned due to extremely insufficient dietary intake or excessive physical activity but were instead in a steady state. However, determining whether short stature is caused by a long-term mild insufficiency in dietary intake due to an inappropriately high BMR for the patient's age, whether short stature elevates metabolism, or whether there are external factors that enhance metabolism are issues to be investigated in the future.
Han et al. reported that there was no difference in nutrition markers or in body composition between a non-CDGM group that took liquid nutrition supplements in addition to a regular diet and a CDGM group [18] . Our survey of dietary intake in short-stature children revealed that they ingested a smaller amount of especially carbohydrate than normal children (unpublished data), indicating the necessity of studying whether supplementation of energetic substrate (carbohydrate), which is lacking in short-stature children, should improve their body size. Furthermore, it is necessary in the future to examine the TEE in these children using the double-labeled water method [19] [20] [21] , which is the gold standard for this purpose in order to study energy metabolism taking the genetic backreferences
